Purpose: A comprehensive review of the literature in order to analyze data about the success rate of percutaneous resolution of the lumbar facet joint cysts as a conservative management strategy.
Introduction
Facet joint cysts of lumbar spine (LFJCs) are benign degenerative outgrowths which are most usually associated with low back pain and radiculopathy. Two types of cysts recognized under this category are the synovial cysts and ganglion cysts [1] . The synovial cysts have vascularized lining filled with xanthochromic fluid and have communication with facet joint while the ganglion cysts are covered by fibrocartilagenous capsule filled with proteinaceous and gelatinous material and do not communicate with joint [2] .
These cysts can arise because of the chronic hypermobility of the spinal segments leading to increased and more frequent loading of the zygapophyseal joint (Z-joint; a synovial joint). This causes the accumulation of fibrocartilaginous substances which provide raw material for cyst formation [3, 4] . The Z-joint is thought to be involved in the genesis of cysts owing to a degenerative process, not fully understood, though herniation of synovial tissue is frequently perceived [5] [6] [7] . The LFJCs are associated with spinal stenosis, nerve root compression, neurogenic claudication and many other neurological disturbances by encroaching the local foramen [8, 9] .
Although, small scale studies indicate that the prevalence of LFJCs in symptomatic patients is 0.7 to 2.5% (Ayberg et al., 2008) [10] , but it may be higher and even increase with increasing longevity. This neuropathological agent is strongly associated with late decades of life and females harbor more than males [1] .
Diagnosis of the LFJCs utilize magnetic resonance imaging (MRI) or computed tomography (CT) and to some extent CT myelography. Seldom these cysts resolve spontaneously; mostly require treatment. Various management strategies include bed rest, non-steroidal anti-inflammatory drugs, analgesics, physical therapies, transcutaneous electrical nerve stimulation (TENS), intra-articular steroid injections/epidural steroid instillation with or without cyst rupture and CT or flouroscopy guided aspiration of the cyst materials and surgical interventions such as laminectomy, facetectomy, flavectomy, cyst excision and microsurgery.
Long term relief from the symptoms associated with the LFJCs can be achieved with surgery or percutaneous resolution procedures, however. Surgery is the most effective treatment noted so far but studies indicate that percutaneous cyst resolution procedures can be an alternative to surgery in a well-sized subgroup of patients. Moreover, older and high risk patients who are abstained from surgical interventions due to many reasons can also be benefited from later treatment regimen. In order to explore this avenue, this systematic review and meta-analysis is conducted to evaluate the success rate of percutaneous cyst resolution procedures in terms of durable relief and to attempt the identification of subgroup of patients in which chances success with this technique can be better than surgical intervention.
Materials and Methods

Study Identification
Detailed systematic search was made in several electronic databases including PubMed/Medline, Embase, EBSCO, CI-NAHL, Ovid SP, SCI Web of Science and Google Scholar under most relevant keywords. MeSH terms and keywords used in various logical combinations included: spinal, lumbar, cyst, synovial, ganglion, juxtafacet, facet, zygapophyseal, magnetic resonance imaging (MRI), computed tomography (CT), conservative management, percutaneous, puncture, rupture, steroid, injection, intra-articular, epidural, facet, joint, effusion. Literature search was restricted to a period from 1980 to May 2014. All retrospective analyses, prospective studies, and individual case reports were taken into consideration.
Selection criteria
The PRISMA guidelines were followed for this study. Because of the scarcity of well-designed clinical trials, selection of studies was made under a broader scope and all studies with prospective or retrospective designs and case reports were included. Inclusion criteria were: a) Studies mentioning percutaneous resolution procedures of LFJCs (synovial/ganglion) such as steroid injections, cyst rupture and cyst material aspiration by utilizing CT/ fluoroscopically guided instrumentation; b) studies mentioning a short-term or long-term follow-up of the outcomes and related details, including the provision of data of the subjects who underwent surgical procedures in case of failure of the interventions. Exclusion criteria were: a) studies/case reports intervening other types of similar spinal cyst pathologies such as discal cysts, vertebroplasty etc; b) studies involving percutaneous procedures for the purpose of diagnosis only; and c) studies/case reports utilizing percutaneous procedures for the alleviation of back pain without a diagnosis of LFJC/s; d) studies/case reports which did not contain sufficient details of the outcomes of interventions of interest. Data extraction, synthesis and analysis Data were extracted from each research article/case report regarding the demographics of patients, clinical and pathological characteristics, diagnostic tools, procedural features, follow-up period, and outcomes. Outcome measures were the percent satisfactory response of the patient after a reasonable follow-up and the percentage of patients who subsequently underwent surgery. Pooling of dichotomous data (satisfactory outcomes vs surgery requirement) was made by calculating standard errors and 95% confidence intervals (CI) of the data from individual studies and then overall effect size of the meta-analysis was calculated. Forest graphs were plotted manually on the spreadsheets from pooled data and the overall effect size. Descriptive data are presented as mean along with either standard deviation (sd) or range. Quality of the included studies was assessed by using Quality Assessment Tool for Observational Cohort and CrossSectional Studies [11] .
Results
Search identified 29 articles reporting 12 retrospective studies, 2 prospective studies and 15 case reports which are included in this analytical review. Study screening and selection process has been depicted in Figure 1 . Quality assessment outcomes are presented in Table 1 .
Major characteristics relevant to the manifesto of the present study are present in Table 2 . Overall of the 544 subjects included in this meta-analysis, age of the participants as mean 6 sd (range) was 6264.2 (28-87) years and proportion of females in this population was 64%. Spinal level of the cysts was L 2-3 in 10, L [3] [4] in 69, L 4-5 in 384 and L 5 -S 1 in 96 cases ( Figure 2 ). Size of the cyst ranged from 6613 to 12618 mm. Duration of symptoms before percutaneous resolution interventions ranged from 2 weeks to 60 months. Major conditions associated with the presence of LFJCs in these patients were lower back pain and radiculopathy, especially lower extremity radiculopathy. Symptomatic features at clinical presentation are presented in Table 3 .
The procedures involved cyst puncture, rupture, aspiration, intra-articular steroid injection, epidural steroid injection, and local anesthetics injections. These procedures were performed under CT/fluoroscopic guidance, though, not all studies utilized each of these interventions. Arthrography was also performed in majority of cases. Majority of the subjects were diagnosed with MRI (about 85% vs CT about 15%) for harboring one or more 
Was the study population clearly specified and defined?
Was the participation rate of eligible persons at least 50%?
Were all the subjects selected or recruited from the same or similar populations (including the same time period)? Were inclusion and exclusion criteria for being in the study prespecified and applied uniformly to all participants?
. Was a sample size justification, power description, or variance and effect estimates provided? 
For exposures that can vary in amount or level, did the study examine different levels of the exposure as related to the outcome (e.g., categories of exposure, or exposure measured as continuous variable)?
Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented consistently across all study participants? LFJCs. Cyst rupture outcomes were assessed by the loss of resistance method or by the extravasation of dye.
Follow-up duration as mean 6 sd (range) was 16610.2 (5 days to 5.7 years). Overall the satisfactory results (after short-or longterm follow-up) were achieved in 55. 8 [49.5, 62 .08] % (pooled mean and 95% CI) of the 544 patients subjected to percutaneous lumbar cyst resolution procedures (Figure 3) . Repeat procedures were performed in 115 of 323 subjects at an average duration of 4.7 (range 0.06-26.3) months after first procedure (data from 7 studies only). On the other hand, 38.67 [33.3, 43 .95] % of this population underwent surgery subsequently to achieve durable relief (Figure 4) . Average time from percutaneous resolution procedure to surgery was 6.7 (range 0.13-34.4) months (data from six studies only).
There was no purposeful linear relationship between the increasing average duration of follow-up period of individual studies and percent satisfaction from the percutaneous resolutions procedure (correlation coefficient: 0.13; slope: 0.057; Figure 5 ). However, number of studies with around 1-year follow up was highest (10), with 2-year follow-up 4 and with 3-year follow-up 2 only. For this analysis individual case reports were lumped in to three groups according to follow-up period (1, 6 and 12 months). Only one case report had a follow-up of over 2-years duration (30 months).
Discussion
Usually, the LFJCs are found as rare incidental MRI findings of elderly patients (usually in their 6 th or 7 th decade) presenting with low back pain and lower extremity radiculopathy. However, discovery of LFJCs remains difficult because low back pain is one of the most common presentations in a visit to physician [41] . Frequently, small cohorts of patients often develop additional bony abnormalities, including instability and spondylolisthesis.
Previously, it was difficult to pinpoint a precise existence of a cyst. Rather, the physician relied on his/her clinical acumen. For example, bilateral examinations of L 4 , L 5 and S 1 , supplying the knee, foot dorsiflexion and plantar flexion, respectively, could give quick insight into the functioning of these spinal nerve roots. Added to these were lumbosacral flexion-extension plain film radiographs that could provide basic information about vertebral anatomy. However, with the advent of modern imaging modalities like CT scans and MRI, primary care physicians as well as specialists started utilizing these techniques in order to obtain more reliable anatomical features leading to pathology. This has resulted in better insights of pathoanatomical diagnoses that can provide sustained and earlier relief.
The present study utilizes almost all relevant data to appraise the success rate of the percutaneous resolution of the LFJCs and finds perhaps the highest rate (56%) reviewed so far [2 e.g.]. This appears to be because of inclusion of 15 case reports which provide considerable power to analysis. Overall success rate noted in the case reports was 70%, whereas, in the pooled analysis of 14 studies the success rate was noted to about 50%. Although, follow-up period of the case reports was much less than the pooled analysis of 14 studies, yet, in the subset of 4 case reports with 9, 12, 18, and 30 months follow-up, the success rate was 100%. Overall association between the follow-up and satisfactory results was also not providing indication of declined success rate with increments in follow up period. Such a difference of success rate of percutaneous procedures in the retrospective analyses and case reports can be attributed to publication bias or scarcity of prospective studies will be clarified in future research. Nevertheless, this point is Table 2 . Cont. encouraging enough to provide impetus for larger and longer trial/s to assess the potentials of this treatment strategy. Natural history of the disease progression of LJFCs is not known. Frequently, patients with radicular pain may be advised for obtaining MRI scans and if there is incidental detection of LJC, detailed neurological examination is meritorious in order to seek insights into the associated pathophysiology. Patients presenting with any kind of radicular pain or associated claudication syndromes, cauda equina syndrome, or any lower extremity motor or sensory symptoms must be evaluated with advanced imaging like MRI. However, in order to avoid extra un-forecasted healthcare costs, there is sheer need of a good clinical examination at the presentation. Due to methodological issues, scarcity of categorical data and statistical power limitations, the present study could not arrive at an initiative of establishing criteria for the selection of suitable patients for percutaneous resolution procedures. Narrowing and ideally eliminating the gray areas of when to take the decision for percutaneous rupture versus the definitive strategy of cyst excision remains the hallmark of clinical research in this area. Surgical excision is precise, but is time consuming, expensive and still not risk-free. On the other hand complications may also develop following procedures such as paraplegia [42] .
Because of a number of factors, the present study encounters significant limitations. Firstly, as the diagnosis of LJC remains incidental, there is only one considerable sized prospective study and all others are either retrospective analyses or case reports. Schulz et al. [37] utilized a prospective design to compare the efficacy of percutaneous resolution of LFJCs with microsurgery and noticed a clear-cut supremacy of microsurgery over percutaneous resolution attempts. Their study was not randomized but acts as a required initiative which noted satisfactory benefit of percutaneous treatment for 8 of 20 patients. Indeed, because of minimally invasiveness of this treatment, it remains a treatment of choice.
Secondly, follow-up period in the majority of studies was less than two years which makes it difficult to speculate long-term benefits of the intervention. Thirdly, data availability remained a major issue as it could be useful to apply meta-regression analyses for predicting factor by utilizing data such as age, gender cyst size, cyst type, cyst orientation/location, radiological intensity, preprocedure duration of symptoms and previous history of treatment/s. Although, case reports were considerably detailed yet in many all relevant data was not available. Cambron et al. [18] studied the effect of low or high signal intensity of MRI on the success rate of percutaneous resolution of LFJCs and noted that patients with T2-hyperintene LFJCs can be more reliably benefited from percutaneous resolution procedures. It seems that the success rate of percutaneous resolution procedures will increase with the improvement in decision-making information and advancement in technology and skill training and exposure. However, of much importance is the availability of results of a few or a bigger, multi-center randomized controlled trial/s with adequate power to assess the success rate as well as the predicting factors for percutaneous resolution procedure selection. Without which as pointed out by Arnold et al. [43] , patient is presented with the coin flip odds for percutaneous vs surgery choice.
Conclusion
By analyzing all available evidence pertaining to the efficacy of percutaneous cyst resolution procedures the present study finds this therapeutic regimen as an alternative to surgical interventions but is unable to identify subgroup/s of patients that can be benefited more reliably with this technique and therefore urges to conduct comparative studies with longer follow-up periods.
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